Abstract-Over the last three decades, electrical and electronic industry is the leading industry in Malaysia in terms of export income and employment opportunities. However, to keep up with its international competition, Malaysia requires introducing novel improved products in this field. In this respects, using the natural resources available in the country is a fascinating option for developing electrical products. Natural rubber (NR), obtained from a tropical tree, has been widely considered as a base element in various electrical equipments. Despite of having excellent elasticity, original form of NR has low hardness, durability and tears resistance that limits its practical usage. Nanostructures, due their extraordinary characteristics, have indicated great improvements in NR-based composites. The results in terms of properties improvement are different depending on the types of nanofillers used. Among nanostructures, Carbon nanotubes (CNTs) have attracted a great attention in NR reinforcing. This paper presents the recent advances and state of the art for fabricating nanocomposites comprising NR and CNTs, as a sole filler or additive. The electrical properties of nanocomposite and its electrical applications are taken into account. The CNT/NR can be added to plastering materials for lightning protection of buildings, where high value of electrical conductivity is needed.
I. INTRODUCTION
Important sectors of polymers, rubbers, are extensively used in the industrial and societal field due to their excellent elasticity and reversible deformability as well as water-and heat-resistance properties [1] . There are two types of rubber in common use, natural and synthetic. While synthetic rubber (SR) is a manufactured product comes from petrochemical feedstock, NR is derived from tropical trees, Hevea brasiliensis or Gutta-percha. The two types of NR have similar, but not identical properties [2] . Natural rubber has limited applications and SR serves as a substitute for NR in many cases, especially when improved material properties are required. However, limitation of petroleum oil resources and its growing cost encourage reducing SR consumption. Besides, environmental concerns recommend using NR, which is obtained through the green factory, tree. However, NR in its original uncured form has practically limited usage because of its undesired properties such as low heat build-up, modulus, hardness, and tears resistance [2] . If NR is ever to fulfill the market expectation, its undesired physical properties need to be improved. In this respect, NR is generally cured using chemical additives. In rubber technology, the curing process, also called vulcanization, is a chemical process where long chains of rubber molecules are cross-linked using an additive, called vulcanization or cross-linking agent (Fig. 1) . Six types of cross-linking agents are in common use, namely, sulfur, peroxides, urethane, metallic oxides, Duece, acetoxysilane [4] . The properties of the vulcanized NR, such as quantity and the type of cross-link formed during vulcanization, are governed by the nature of the cross-linked network and the process conditions utilized [5] . Generally, vulcanization transforms the weak elastomers into a strong elastic product with high and reversible deformability and good mechanical properties owing to strain-induced crystallization. Vulcanized rubbers also possess low hysteresis, excellent dynamic properties and fatigue resistance as well as high resistance to heat, light and aging process [6] . Although vulcanized NR has brought about significant improvements in NR-based product, its applications is still limited and further reinforcement needs to obtain more beneficial mechanical and physical properties. Reinforcing elements like carbon black, ultra-fine calcium carbonate, modified montmorillonite, silica and starch have been examined for NR reinforcement. However, high loadings of these fillers are necessary to achieve the reinforcement in rubber and the reinforcement is not so much effective due to large dimension and agglomeration of these traditional reinforcing materials. It has been indicated that the physical properties of NR can be more effectively improved by addition of much less amount of fillers, if microscale fillers are replaced by nanoscale fillers.
Compared to the pure polymer or composites having conventional fillers, polymers filled with nano-fillers, known as nanocomposites, have gained increased attention recently. The goal of nanocomposite sciences is to make new functional materials, especially with improved physical properties. Nanofillers endow nanocomposites with unique mechanical, thermal, optical, and electromagnetic properties, because of their special surface, size, and quantum effects. Among different types of nanofillers, Carbon nanotubes (CNTs), have attracted a great attention in NR reinforcing. In the following, the focus will be held on characteristics of CNTs the recent advances and state of the art for NR/CNTs will be presented. The NR/CNTs can have different applications in the power system especially in the electrical protection of buildings and sunstations. This manuscript, after a brief description on NR and its characteristics, will present detailed information on preparing CNTs-based nanocomposite and then will specifically focus on CNT/NR nanocomposite fabrication.
II. CNT-BASED NANOCOMPOSITE
The extraordinary physical properties of CNTs such as high aspect ratio, high surface area, high Young's modulus, tensile strength and low density as well as good electrical and thermal conductivities has aroused particular interest and promoted research into the fabrication of CNTs-based nanocomposite. It was indicated that, the conductivity, strength, elasticity, toughness, and durability of composites can all be substantially improved by the addition of CNTs [1, 7] .
Due to the high electrical conductivity of CNTs (~18,000 Scm −1 ), a significant increase in the conductivity of polymers can be expected when they are properly dispersed. A better dispersion of CNTs generally results in larger number of conducting paths in the matrix (Fig. 2) . The critical volume fraction leading to a sharp drop in the electrical resistance and thus sudden increase in the composite conductivity is referred as the percolation threshold [8] . The percolation threshold depends upon the type of polymeric matrix and CNTs characteristics as well as their dispersion state and orientation in the polymeric matrix [9] . The CNTs characteristics include the CNTs type (single wall, double or multi wall), the contents of amorphous or other types of carbon, ratio of metallic to semiconductive tubes and aspect ratio. The preparation of CNTs-filled nanocomposites faces several technical obstacles that restrict the CNTs to express their full potential as effective fillers and need to be resolved. Dispersion state of CNTs and their orientation in the polymeric matrix are the most fundamental issues, since pristine CNTs easily aggregate due to their high surface energy and stabilization by lots of pp electron interactions among the tubes [1] . CNTs will improve the mechanical and electrical properties of a polymer, if they are uniformly dispersed. In a well-dispersed composites, the large aspect ratio of the nanotubes and their short-range attraction lead to the formation of a network structure that is able to transfer stress from the polymer matrix to the nanotubes network resulting in an enhancement of the composites mechanical properties. Homogeneous dispersion of CNTs throughout the matrix without destroying their integrity is a challenging task that the researchers are still working on it. The other key issue in preparing CNTs-based nanocomposites is to raise the interfacial interaction between the matrix and CNTs [11] . The structure and properties of the interfacial region are crucial for effective load sharing between the matrix and CNTs. However, nanocomposites filled by pristine CNTs have mostly poor interfacial bonding. Functionalizations of tubes provide strong fiber-matrix interfacial adhesion and/or their bonding resulting an effective load transfer to the nanotubes and hence improving the mechanical properties of the composite.
III. CNT-NR NANOCOMPOSITES
CNTs filled elastomeric polymers are currently under intensive investigation mainly for enhancement of mechanical properties as well as electrical and thermal transport. Table I summarizes the mechanical properties of nanocomposites consist of natural rubber and CNTs.
Although enhancement of mechanical properties of NR was by far the aim of most researches working on preparing CNT/NR nanocomposites, improvement of electrical and/or thermal properties of NR using CNTs is of great interest providing novel fascinating applications [10] . Figure 3 presents a schematic explanation on the effects of CNTs on NR.
Natural rubber, like other types of elastomers, exhibits low electrical and thermal conductivity. However, incorporation of CNTs, which are conductive fillers, into these materials can produce composite materials with much higher electrical and/or thermal conductivity developing its area of applications [12] . Potential applications of conductive rubber nanocomposites could vary from industrial applications. The fascinating application of conductive NR is in fabricating flexible electronic devices, nanoelectronic devices. It also can be used in the power systems especially for the electrical protection of buildings and sunstations. Here, it is worthy to mention that reinforcing mechanism of polymeric matrix is related to the viscoelastic behavior of the matrix, glassy and rubbery. In the glassy state of the polymeric matrix, reinforcement is achieved with high aspect ratio fillers that provide enhanced interphase effects and tensile strength. In this state, reinforcement basically depends on the efficiency of load transfer to the fillers depending on the dispersion state and aspect ratio of the fillers, as well as the quality of the interphase. High level of reinforcement is expected to be achieved when all these factors are carefully controlled. In the rubbery state of the polymeric matrix, elasticity is dominated by the entropy effects rather than elemental bond stiffness. In this regime a first level of reinforcement is originally ''hydrodynamical'' that can be achieved with dispersed nanoparticles. In the second level of reinforcement fillermatrix and filler-filler interactions play an important role in the mechanical properties of filled elastomers due to the increase in cross-link density and the occlusion of a certain amount of the elastomeric matrix by filler aggregates. Formation of rigid filler network usually provides additional levels of reinforcement.
Tarawneh, et al., 2011 prepared NR/CNTs nanocomposites with different amounts of CNT loading and studied their thermal properties. From the results obtained, higher thermal conductivity, thermal diffusivity and specific heat were achieved for nanocomposites containing 1 and 3wt% of CNT compared to the pristine NR [12] .
The effect of CNT on inner-thermogenesis and thermal stability of NR/CNT nanocomposites was also proved by drop in loss tangent of the nanocomposites [8] [15] . In other words, the loss angle of NR is bigger than that of the NR/CNTs nanocomposites, meaning that NR is able to absorb more energy than NR/CNTs nanocomposites do under an acute strain environment. The accumulation of absorbed energy will cause thermal degradation and further reduce the mechanical property of materials. Better inner-thermogenesis and thermal stability of NR/CNT nanocomposites suggest that this nanocomposite can be used in distortional and rolling conditions. The effect of surface modified CNT on crystallization behavior of NR was examined by [16] . They indicated that despite of insignificant change in the case of low temperature melting, the high temperature melting peak shift to higher temperature, suggesting association of stronger crystallites in the presence of modified CNT.
Thomas et al., 2012 studied the effects of incorporating CNTs into NR on electrical properties of nanocomposites [8] . It was indicated that dielectric constant increases with respect to the filler loading for both pristine and functionalized CNTs (Fig. 4) . However, the effect was less pronounced in the case of functionalized CNT. Functionalization caused improvement in dispersion of CNT in NR matrix corroborated by the increase in electrical resistivity. In contrary, [19] presented dielectric measurement at room temperature and revealed a low percolation threshold (<1 wt%) associated with the formation of an interconnected nanotube network. Fig. 4 . Dielectric constant versus filler loading of NR composites with CNT and C18-CNT [8] Recall that dispersion of CNTs into polymeric matrix and interface adhesion between them are problematic due to the high aspect ratio of the CNTs. These issues are more problematic in rubbers because of the high viscosity of elastomeric materials. The cyclic deformation of the nanocomposite specimens under dynamic testing, both under compression and under extension, revealed a strong hysteresis and heat generation due to internal friction between the surface of the CNTs and the NR [20] . This observation was attributed to the poor surface interaction between MWCNTs and the natural rubber matrix. In order to effectively transfer stress, strong bonding between CNTs and polymer macromolecular chains is necessary [13] .
Comparing SWNTs and MWNTs , the later is more predominantly used as conductive fillers due to their lower cost, better availability, and easier dispersability [12] . A nanocomposites comprises MWCNT with other type of filler can be a good idea and seems more practical [11] [12] [16] [21] . However, the results in terms of mechanical and thermal properties improvement will be different depending on the types of fillers and their ration in NR. The CNT/NR can be used in the lightning protection of buildings especially in the rural areas through mixing with plastering materials. This composite can provide good thermal performance of the building as well as a high rate of electrical conductivity on the walls surface to prepare the required path for flowing the current to the ground. Moreover, the CNT/NR can be used for plastering of substation buildings to have a uniform level of grounding at different parts. By connection of electrical equipment to these surfaces, the whole system can be considered as an integrated system with an equivalent grounding level.
IV. CONCLUSION
Despite of having excellent elasticity and reversible deformability, original form of NR has practically limited usage because of its undesired properties like hardness, durability and tears resistance. Traditional reinforcing materials have been examined to improve these properties, however, it was nor effective nor economic. Emergence of nanofillers has recently evoked much interest in properties enhancement of elastomeric polymers. Compared to the pure polymer or composites comprising conventional fillers, nanocomposites possess superior electrical, mechanical, thermal, optical, and electromagnetic properties. Among different nanostructures, the extraordinary properties of CNTs have promoted research into the fabrication of CNTs-based nanocomposite. However, dispersion of CNTs into polymeric matrix and interface adhesion between them are problematic due to the high aspect ratio of the CNTs. Improvement effects of incorporating CNTs to NR matrix are more pronounced if functionalized CNTs are applied. Preparing nanocomposites comprising CNTs with other type of filler also showed good enhancement of NR properties. The CNT/NR composites have different electrical applications. The one is to be used for electrical protection of power systems, where they can integrate the system with an equivalent level of ground impedance. Likewise, they can be used in the lightning protection of rural buildings through mixing with plastering materials, where they can provide a high level of electrical conductivity on the surface of building.
